Abstract The theoretical few-body aspects associated with universal properties of weakly-bound neutronrich light nuclei close to the drip line will be reviewed briefly, considering recent theoretical and experimental works. We will address low-energy properties of the one-and two-neutron halo of light exotic nuclei, which are dominated by s-wave short-range two-body interactions. In view of recent experiments with light neutron-rich nuclei, we will discuss properties of exotic nuclei as 11 Li, 14 Be, 20 C and 22 C, within a three-body neutronneutron-core model. Particular emphasis will be given to model independent properties associated to halo neutrons, which obey universal scaling laws. We discuss how the scaling laws for the s-wave observables of two-neutron halo will be identified with limit-cycles and Thomas-Efimov effect in a zero-range three-body model.
General Background
After the measurement of the interaction cross-section of a radioactive beam of 11 Li by Tanihata et al. [1] , and the extraction of the matter radius supporting the existence of a large neutron halo, several other exotic light nuclei sharing this property were observed and their sizes extracted from collision experiments. For recent reviews, see [2] and [4] on the experimental status; and [3] on universal aspects within theoretical approaches. In [4] , technical details can be found on the extraction of charge radii of neutron-rich nuclei by laser probing in light atoms.
Light-exotic nuclei with weakly-bound neutrons, like 11 Li, 14 Be, 20 C and 22 C at the neutron dripline or close to it, have the two outermost neutrons in a halo structure far from the core. Concernin the two-neutron halo, these light-nuclei are described by a three-body (3B) state with total orbital angular momentum zero, with the halo neutrons in a spin zero state. In the few-body description of the many-body problem as for example in case of 11 Li, the dynamics of the core and halo carrying out the full antisymmetrization of nuclear wave function is simplifyied. In what respect such simplification in the description of the many-body nature of the halo nuclei can be useful? For halos where the average neutron distance to the core is significantly larger than the core size and the nucleon-nucleon interaction range, a 3B description, namely neutron-neutron-core, may be applicable. To be more concrete, in the cartoon shown in Fig. 1 , we represent pictorially, the prototype of Borromean nuclei 11 Li and 22 C, where the weakly-bound halo neutrons in a spin zero state are far from the core nucleus 9 Li and 20 C. In the 3B description the neutrons and the neutron-core interaction are dominated by the s-wave states. The two-neutron separation energy (S 2n ) of 11 Li is in the nuclear scale fairly small with a value of S 2n = 369.15(65) keV [5] . In the case of 22 C it is estimated to be below 70 keV [6] . The neutron-neutron (n-n) average separation distances R nn in 11 Li is found to be around 6-8 fm by fitting the n-n correlation function from the breakup cross-section on heavy nuclei [7, 8] . The neutron average distance to the centre of T. Frederico (B) Instituto Tecnológico de Aeronáutica/DCTA, São José dos Campos, SP 12.228-900, Brazil E-mail: tobias@ita.br mass (r n ) derived from the matter radius, which is extracted from the reaction cross-section, has a value of about 6 fm [9] . The 22 C matter radius derived from the measured reaction cross-section on liquid hydrogen is found to be 5.4 ± 0.9 fm [10] , which leads to r n ∼ 15 ± 4 fm [11, 12] , with a core matter radius of 3 fm.
In such examples the two halo-neutrons have a large probability to be found in the classically forbidden region where the wave-function is an eigenstate of the free Hamiltonian, written as:
where
. The neutron positions with respect to the center of mass are r n , r n . The reduced masses are
, with m n and m A = A m n , the neutron and core masses, respectively. The dots represent the contribution to the wave function obtained from the last term by exchanging n with n . The relative distances for the n-n and n-core are |R nn | and |R n A |, respectively. The relative position of the neutron to the centre of mass of the n A system is R n , and the corresponding one for the core is R A . The 3B halo wave function (1) brings to the non-interacting region the microscopic nuclear dynamics through the spectator functions χ n and χ A . If the total orbital angular momentum of the n-n halo vanishes these functions depend only on the momentum modulus. In (1) the spin wave function of the two neutrons in a spin zero state has been factorized, which together with the symmetric form of the configuration space wave function allows the correct exchange symmetry for the halo neutrons. If R n A , R n A and R nn , are allowed to vanish then the halo wave function (1) is an eigenstate of a Hamiltonian with contact Dirac-delta pairwise interactions, namely the Skorniakov and Ter-Martirosian model [13] , which has a ground state unstable due to the Thomas collapse [14] . The two-body potentials have the ratios between the scattering lengths and interaction range much larger than unity, and for the zero-range force that ratio is infinite, matching the conditions of the Efimov effect [15, 16] , namely, it appears and infinite number of geometrically spaced 3B levels. The Thomas-Efimov effect (see e.g. [17, 18] ) requires one 3B scale, which can be associated with the energy of one of the 3B states. This implies that one further single scale, besides the scattering lengths a nn and a n A are necessary to determine the spectator functions and consequently the halo observables. The spectator function has an asymptotic form given by
for q >> √ s 2n , |a −1 nn |, |a −1 n A |. The factor S A has been presented in several publications (see e.g. [19, 20] ), and the ratio C n /C A is universal and computed in [21] . The quantity q 0 is associated with the 3B scale and can be translated to one s-wave 3B observable, as in the case of the halo nuclei to S 2n The discrete geometrical scaling reflected in the log-periodic behaviour present in the spectator function, has its counterpart in the energies of the Efimov 3B states as E N +1 3
